SUMMARY The effects of the beta-1 adrenergic agonist prenalterol and the beta-2 adrenergic agonist terbutaline on oesophageal peristalsis were studied in nine healthy volunteers with pressures recorded in the proximal, middle, and distal oesophagus. Two doses of the agonists were given after pretreatment with placebo, propranolol, or metoprolol in a double blind randomised fashion. Terbutaline 0*25±0-25 mg iv decreased peristaltic pressure in middle oesophagus from 8-1±141 to 5-1±0-8 kPa (p<0.01) and in the distal oesophagus from 9*5±1*0 to 4-7±0-6 kPa (p<0001). Peristaltic velocity was decreased in the distal oesophagus after terbutaline from 3-3±0+2 cm/sec to 2-9±0-2 cm/sec (p<005). Prenalterol 1 mg iv was followed by a decrease of peristaltic pressure in the middle oesophagus from 10-2± 1*3 to 7X7±1-1 kPa (p<0.01) and a decrease of peristaltic velocity in upper oesophagus from 3*6±0+2 to 3-3±0*1 cm/sec (p<005) while no significant changes were seen in the distal oesophagus. Pretreatment with the beta-1 blocker metoprolol 15 mg iv blocked the effects of prenalterol 1 mg iv but not the effects of terbutaline. Propranolol 10 mg iv blocked the effects of terbutaline on peristaltic pressure. After metoprolol infusion mean distal peristaltic amplitude was 11-9±0*8 kPa compared with 8-5± 12 kPa after placebo (p<0.01). It is concluded that both beta-1 and beta-2 adrenoceptor stimulation significantly decrease oesophageal peristaltic pressure in man. The body of the oesophagus seems to be under beta adrenergic inhibitory influence under physiological conditions. Adrenergic influence on gastrointestinal smooth muscle has been described in both animals and in man. Alpha adrenergic agonists have been shown to contract smooth muscles of the oesophageal body and the lower oesophageal sphincter. 13 Beta adrenergic substances have also been shown to influence oesophageal smooth muscle. The nonselective beta adrenoceptor antagonist alprenolol increased the amplitude of the peristaltic contraction in the distal oesophgus and increased lower oesophageal sphincter pressure in man. The nonselective beta agonist isoproterenol reduces the force velocity characteristics of opossum oesophageal smooth muscle in vitro.5 DiMarino and Cohen have recently shown an inhibitory effect on lower oesophageal sphincter pressure in man after administration of the beta-2 adrenergic agonist carbuterol.6
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PERISTALTIC PARAMETERS MEASURED
Amplitude of the peristaltic contraction was measured as the change in pressure from the baseline resting oesophageal pressure to the peak of the contraction wave and expressed as kPa (1 kPa=7-5 mm Hg). The distances between the upper and the middle and the distal catheter tip were used for calculation of peristaltic velocity in the upper and lower oesophagus, respectively. The onset of the peristaltic wave was used for this calculation. The duration of the peristaltic pressure wave was measured from the onset of the major upstroke to the end of the peristaltic wave and expressed in seconds. The duration of the pressure waves was measured from the registrations of the middle catheter -that is, 10 cm proximal to the lower oesophageal sphincter.
The individual mean values of peristaltic parameters were calculated for the five swallows at each 10 minute interval. The swallows 28-30 minutes after the start of each drug infusion -that is, during the elimination phase of the drug, were used for statistical comparison of drug effects. The Student's t test for paired measurements was used to compare differences between periods of beta adrenergic stimulation and the preceding control period (placebo or beta blockade). The time course of the effects of agonists on peristaltic pressure in the distal half of the oesophagus is illustrated in Figure 1 . After a placebo control period infusion of the drugs was followed by a decrease in pressure amplitude. The maximum effect tended to appear earlier after terbutaline than after prenalterol.
Comparison of peristaltic amplitudes at the end of each test period showed that after terbutaline 0-25 mg pressure decreased in middle oesophagus from 8-1±1'1 to 6*6±1*1 kPa (p<005) compared with the placebo period (Fig. 2) . After a total dose of 0-50 mg the amplitude decreased to 5*1±08 kPa (p<001). In the distal oesophagus terbutaline infusion was followed by a decrease from 95± 1-0 kPa after placebo infusion to 6*8±0-7 kPa (p<0001) after 0-25 mg and to 4*7±0-6 kPa (p<0001) after 0-50 mg. After pretreatment with metoprolol 15 mg iv the decrease after terbutaline 0-25 mg was less marked but significant in both middle and distal oesophagus. After pretreatment with propranolol 10 mg iv terbutaline had no effect on peristaltic pressure. After prenalterol 1 mg (Fig. 3) peristaltic amplitude decreased in middle oesophagus from 102± 1*3 to 7-7±11 kPa (p<001) and to 6-6±0*9 kPa after a total dose of 5 mg (p<001). In distal oesophagus peristaltic amplitude decreased significantly only after the highest dose of prenalterol. After pretreatment with metoprolol 15 mg iv pressure amplitudes did not change significantly after prenalterol 1 mg but decreased significantly in both locations after prenalterol 5 mg. For each subject mean values were calculated for the swallows at the end of the two placebo periods and the two metoprolol periods (Fig. 4) terbutaline 0O25+025 mg duration of the wave decreased in six of the nine subjects but the difference did not reach significant level for the whole group. After propranolol pretreatment there was no change of wave duration after terbutaline.
Discussion
The present study was mainly aimed to evaluate the effects of beta adrenergic stimulation on oesophageal peristalsis. The results show that beta adrenergic stimulation influences oesophageal peristalsis, not only in the lower oesophageal sphincter region as earlier reported,I6 but throughout the whole smooth muscle part of the body of the oesophagus in man. The amplitude of the peristaltic pressure in the proximal, striated muscle part of the oesophagus seems not to be influenced by beta adrenergic stimulation. There is clear evidence that beta-2 stimulation inhibits peristaltic pressure in the whole smooth muscle part. Thus, the beta-2 agonist terbutaline caused a dose dependent reduction of pressure. After pretreatment with the beta-1 adrenoceptor blocker metoprolol, terbutaline still depressed the peristaltic amplitude. Furthermore, the nonselective beta blocker propranolol completely blocked the effects of terbutaline. Thus beta-2 stimulation seems to depress not only the basal tone of the lower oesophageal sphincter6 but also the oesophageal transport mechanism.
There is also strong evidence that stimulation of adrenergic beta-1 receptors affect oesophageal peristaltic pressure. In our study prenalterol caused a dose dependent reduction which was most prominent in the middle part of the oesophagus. Prenalterol is a partial agonist12 and may, like other beta-1 agonists available have some affinity also to beta-2 receptors. 13 The effects of the lowest dose of prenalterol in our study was, however, selectively blocked by the beta-1 blocker metoprolol 15 mg iv, a dose which did not block the effects of the beta-2 agonist terbutaline. After prenalterol in a total dose of 5 mg significant inhibition of peristaltic pressure was seen also after pretreatment with metoprolol. This may be explained by an insufficient beta-1 blockade after this dose of metoprolol as has been discussed in studies of cardiovascular effects after similar doses of prenalterol and metoprolol. 14 Another possibility may be that the inhibition of peristaltic pressure observed after the highest dose of prenalterol was partly because of beta-2 stimulation.
The present results together with earlier reports on beta adrenergic blockade indicate that the oesophageal peristaltic contraction is under beta adrenergic inhibitory influence under physiological conditions. Non-selective beta blockade increases peristaltic pressure at the level of the lower oesophageal sphincter.4 Our findings that peristaltic pressure is increased after metoprolol compared with placebo treatment indicate that beta-1 receptors are involved. At present it is not known how selective beta-2 blockade would affect oesophageal peristalsis. In our study the increase in peristaltic pressure after propranolol was not significant compared with placebo. This could, however, partly be because of the fact that fewer observations were made with propranolol than with metoprolol according to the design of the study. Thus, mean values for the propranolol period was more influenced by day to day variations in peristaltic pressure than was the mean value for metoprolol.
Peristaltic velocity decreased significantly in upper oesophagus after beta-1 stimulation by prenalterol. In contrast, beta-2 stimulation had no inhibitory effect on velocity in this part of he oesophagus but decreased velocity in lower oesophagus. The inhibitory effect of beta-1 stimulation on peristaltic velocity in the transitional zone between oesophageal striated and smooth muscles is similar to that of atropine.'-This effect of prenalterol and atropine seems not to be a direct consequence of the decreased force of oesophageal contraction as beta-2 stimulation influenced peristalic pressure but not velocity at this level.
The site of action of beta adrenergic agents -that is, the location of beta adrenoceptors in the GI-tract is subject to some controversy. Sympathetic nerve fibres branch with synaptic contacts around the cell bodies of the myenteric plexus.16 17 The significance of this proposed separation of receptor location in the effects of beta adrenergic agents is at the moment uncertain. In our study the effects of beta-1 and beta-2 stimulation on peristaltic velocity in the upper oesophagus suggest different locations of the two subgroups of receptors. The precise receptor location in the human oesophagus, however, remains to be shown.
The effects of beta adrenergic agonists and antagonists described here may have several clinical implications. We have earlier shown26 that after infusion of terbutaline in the doses used here, plasma concentrations of the drug are at the level seen in patients treated for pulmonary disease.27 It is noteworthy that oesophageal peristalsis may be considerably affected under these circumstances as oesophageal dysfunction with gastro-oesophageal reflux can be of pathophysiologic importance for bronchial asthma and related disorders. In this group of patients it may be of relevance not to administer drugs which impair oesophageal clearing capacity.
Non-selective and beta-1 selective beta blockers are used for treatment of coronary artery disease and it is interesting to note that these drugs also increase oesophageal peristaltic pressure. It is not known whether this effect on the oesophagus is of clinical relevance. It remains to be studied if the effects of beta blockers on chest pain supposed to emanate from the heart may instead be due to effects on a misinterpreted gastro oesophagealdisease. Although much is still unknown about beta adrenergic regulation of oesophageal function it seems reasonable to assume that increased knowledge in this field may have important clinical implications.
